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A recent investigation demonstrated an association between regional diagnostic practice and the number of diagnoses made in the small proportion of Medicare beneficiaries who changed residence during a 3-year period (approximately 5%). 1 Although patients who moved had a similar number of diagnoses prior to moving, those who moved from low-to high-practice intensity regions accumulated more than twice as many diagnoses than those moving in the opposite direction.
The evidence that diagnoses can be associated with system factors led us to explore how frequency of diagnosis might relate to outcomes in the fee-forservice Medicare population as a whole. Specifically, we hypothesized that patients diagnosed with chronic conditions in regions with high diagnosis frequency would have lower all-cause case-fatality rates than those diagnosed in regions with low diagnosis frequency.
METHODS

Overview
To investigate the geographic variation in diagnosis frequency, we measured the frequency with which 9 serious chronic conditions were diag-nosed among the fee-for-service Medicare population in each of 306 hospital referral regions (HRRs) in the United States. We categorized the HRRs into quintiles of diagnosis frequency and measured physician encounters and diagnostic testing. We examined death rates across the quintiles, first for the population as a whole and then within strata of a specified number of chronic conditions (ie, 0, 1, 2, 3).
Data
We analyzed a 20% sample of Medicare beneficiaries in 2007. We restricted the analysis to those beneficiaries who were fully enrolled in Part A and Part B throughout 2007 and who were 65 through 99 years old on December 31, 2007, or who were fully enrolled beginning January 1, 2007, until their death that year and who were 65 through 99 years old at their time of death. Because their claims data are incomplete, beneficiaries enrolled in risk-contract health maintenance organizations were excluded. The final sample totaled 5 153 877 beneficiaries.
Diagnosis Frequency
We counted the number of chronic conditions documented in the claims for each beneficiary during 2007. We used the 9 major chronic conditions based on the work of Iezzoni et al, 2 as adapted for the 2008 Dartmouth Atlas of Health Care. The conditions were cancer with poor prognosis, chronic obstructive pulmonary disease, coronary artery disease, congestive heart failure, peripheral artery disease, severe liver disease, diabetes with end-organ disease, chronic renal failure, and dementia.
For a beneficiary to be counted as having a chronic condition, the diagnosis had to be either coded on at least 1 hospital discharge abstract following an inpatient stay or on at least 2 claims involving physician contact that were at least 7 days apart. The latter requirement was used to reduce the likelihood of erroneously including "rule out" diagnoses. A beneficiary was counted as either having or not having each of the 9 conditions, and the total number of conditions for each beneficiary was calculated (range, 0-9).
We calculated the mean number of chronic conditions per beneficiary within each of the 306 HRRs to examine the variation in diagnosis frequency across the Medicare population as a whole. The HRRs were sorted in terms of increasing diagnosis frequency and grouped into quintiles based on population counts (ie, approximately 1 million beneficiaries per quintile). Within each quintile, we examined the distribution of the number of chronic conditions diagnosed. To assess system factors that may be related to the likelihood of diagnosis, we examined 4 measures reflecting physician encounters and diagnostic testing: the number of physician visits, the number of different physicians seen, the number of imaging tests obtained, and the number of laboratory tests obtained.
Rate of Death
The primary outcome was rate of death in specific groups, measured as either mortality (the population-based rate of death in which the denominator is the entire population in the quintile) or case fatality (the case-based rate of death in which the denominator is the portion of the population in the quintile that has received the diagnosis in question).
The denominator for the populationbased mortality rate was the fully entitled Medicare population in the quintile obtained from the Medicare denominator file. The denominator for case-fatality rate was the number of individuals who had the diagnosis in question within that population. For both measures, the numerator was the number of deaths from any cause in calendar year 2007 among those appearing in the denominator. The fact of death was obtained from the Medicare administrative files. To control for population differences across quintiles, all death rates were adjusted for age, sex, and race using the indirect method (which used 20 age/sex/race cells and obtained standardized rates from the group as a whole).
Analytic Approach
To consider the relationship of diagnosis frequency and rate of death, we compared age/sex/race-adjusted population-based mortality across the 5 diagnosis frequency quintiles. We repeated the comparison using age/sex/ race-adjusted case-fatality in analyses restricted to individuals diagnosed with a specified number of chronic conditions (ie, 0, 1, 2 and 3).
To examine the relationship in specific diagnoses, we compared case fatality across quintiles for each of the 9 chronic conditions. We used logistic regression to adjust for age, sex, and race (using 20 indicator variables for each of the aforementioned age/sex/race cells) and the number of other conditions diagnosed (also using indicator variables to allow for a nonlinear relationship). We estimated 9 different models-one for each conditionwith a different (but overlapping) sample for each target condition (eg, only patients with congestive heart failure are included in the congestive heart failure model). Each was evaluated for face validity. Death rates increased with age and the number of conditions and were higher in men and blacks than in women and nonblacks. Each model estimated the expected number of deaths among beneficiaries with a given condition. We constructed the observed to expected ratio (O:E) for each quintile. We used the ratio of O:E in the very high quintile to the O:E in the very low quintile to summarize the association between diagnosis frequency and case fatality.
Pearson correlation coefficients (r) were calculated to describe the relationship at the HRR level (n=306) between diagnosis frequency and the 4 measures reflecting physician encounters and diagnostic testing. Confidence intervals (95% CIs) around the Pearson r values were calculated using the Fisher r-to-z transformation; 95% CIs at the population level (eg, quintile, patients with 1 chronic condi-VARIATION IN DIAGNOSES AMONG MEDICARE BENEFICIARIES tion) were calculated empirically using the bootstrap method. Linear regression was performed to test for trends, using 2-sided P values and with a 5% significance level. All statistical analyses were performed using SAS version 9.2 (SAS Institute Inc, Cary, North Carolina) or STATA version 11 (StataCorp, College Station, Texas). The study was approved by the Dartmouth College institutional review board.
RESULTS
Variation in Diagnosis Frequency
In 
Diagnosis Frequency and Measures of Physician Encounters and Diagnostic Testing
The TABLE shows the relationship between diagnosis frequency and measures of physician encounters and diagnostic testing. Across the 306 HRRs, diagnosis frequency had a strong positive correlation with each of the 4 measures: the number of physician visits (r = 0.72), number of different physicians seen (r=0.59), number of imaging tests (r =0.72), and number of laboratory tests (r = 0.33). The Table also shows that the mean number of physician visits increased in a stepwise fashion in progressively higher quintiles of diagnosis frequency (P=.002 for trend). A similar pattern was evident for the 3 other measures of physician encounters and diagnostic testing.
Diagnosis Frequency and Risk of Death
The relationship between diagnosis frequency and population-based mortality is illustrated in the lefthand portion of FIGURE 3. When considering the entire population within each quintile, there was little relationship between diagnosis frequency and age/sex/race-adjusted all-cause mortality: 49 per 1000 in lowest quintile of diagnostic frequency; 52, 55, and 52 per 1000 in the intervening quintiles; and 53 per 1000 in the highest quintile (P = .31 for trend).
The relationship between diagnosis frequency and case-fatality is illustrated in the right-hand portion of 
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©2011 American Medical Association. All rights reserved. Figure 3 . In all regions, case-fatality increased as the number of chronic conditions diagnosed increased. Among Medicare beneficiaries diagnosed with 0, 1, 2, and 3 conditions in the United States as a whole, the case-fatality rate was 16, 45, 93, and 154 per 1000, respectively (data not shown). When focusing on the subsets of Medicare beneficiaries with a fixed number of chronic conditions, increased diagnosis frequency was associated with declining case fatality.
Among patients diagnosed with 1 condition, case fatality was 51 per 1000 for HRRs in the lowest quintile of diagnosis frequency; 47, 47, and 41 per 1000 in the intervening quintiles; and 38 per 1000 in the highest quintile (P=.006 for trend). Among these patients, the relative rate of death in the highest to lowest diagnosis frequency quintile was 0.74 (95% CI, 0.72-0.76).
A similar stepwise relationship was observed across the quintiles among the subsets diagnosed with 2 and 3 chronic conditions (P = .007 and P = .01 for trend, respectively). For both subsets the relative rate of death in the highest vs lowest diagnosis frequency quintile was significantly less than 1: among patients with 2 chronic conditions, the relative rate was 0.76 (95% CI, 0.74-0.78); among those with 3 chronic conditions, the relative rate was 0.81 (95% CI, 0.79-0.84).
FIGURE 4 shows the relative rate of death in the highest to lowest diagnosis frequency quintile among beneficiaries diagnosed with each of the 9 chronic conditions. For each condition, the relative rate was significantly less than 1. In 7 of 9 conditions, a significant stepwise relationship was observed across quintiles (PϽ.05 for trend for all).
COMMENT
As the number of diagnoses of chronic conditions increased in individual patients, there was an associated increased risk of death. However, as the number of diagnoses increased among geographically defined populations (ie, across quintiles of diagnosis frequency), there was little relationship with population-based mortality. These apparently paradoxical findings were explained by a third observation: among patient subgroups with a given number of chronic conditions, there was a consistent stepwise decrement in case fatality as diagnosis frequency increased. As with all observational data, causality cannot be directly tested. Our analysis could be limited by residual confounding-ie, from variables that could explain increased diagnosis frequency as well as declining case fatality. The conventional explanation for our findings would be that the geographic variation in diagnosis frequency reflects underlying differences in disease burden, ie, regions with high diagnosis frequencies must have sicker patients. However, this explanation fails to explain why population-based mortality is stable across quintiles of diagnosis frequency.
Another explanation would suggest that regions with high diagnosis frequencies are more effective in treating sick patients, thereby reducing mortality rates that otherwise would have been substantially increased. While the population of patients in the lowest quintile of diagnosis frequency may have fewer chronic conditions, those who do have fewer also may have poor access to health services (eg, fewer specialists, longer wait times), leading to increased case fatality. Conversely, the population in the highest quintile of diagnosis frequency may have more chronic conditions yet better access to services (and perhaps more experienced physicians), leading to decreased case fatality. However, to produce the observed pattern of reductions in case fatality in a stepwise relationship, another condition would have to be met: access and the ability to provide effective care must be directly related to diagnosis frequency. Given the required conditions, the conventional explanation is not particularly parsimonious.
An alternative explanation may be that geographic variation in diagnosis frequency substantially reflects the intensity of observation. This is consistent with the associations we report between diagnosis frequency and measures of physician encounters and diagnostic testing. This explanation provides a more parsimonious explanation for our case-fatality findings; ie, if diagnosis frequency reflects intensity of observation, then the pattern of case fatality we observed here would be expected. More testing and more opportunities to make diagnoses may translate into the typical patient given a diagnosis being less sick. The finding of Song et al 1 -that the number of diagnoses accumulated by migrating Medicare beneficiaries is associated with the location to which they moved-provided evidence from a natural experiment that supports this hypothesis.
Our analysis has a number of limitations. First, although Medicare claims are the most complete population-based data available in the United States, they are not entirely complete. Specifically, beneficiaries enrolled in plans outside of fee-for-service (plans that receive capitated payments from Medicare, such as Medicare Advantage) are not included in claims data. Although the proportion of beneficiaries enrolled in these plans is not correlated with diagnosis frequency across HRRs (in fact, enrollment is most common in the very low and very high quintiles), the possibility of differential selection raises the question of whether the relationship we observed would be present in the entire Medicare population. This highlights the importance of developing mechanisms to capture data from capitated plans 3 to foster population-based analyses.
Second, the ability of the logistic regression models to adequately isolate the effect of each individual condition from others may be limited. To address this concern, we repeated the analysis on the subset of patients with no other confounding diagnoses: those diagnosed with only 1 chronic condition. This analysis also showed lower case fatality in the very high quintile of diagnostic frequency for each of the 9 chronic conditions. Third, the accuracy of coding diagnostic data are open to question. If in- 
Very Low Diagnostic Frequency
Relative rates were calculated using logistic regression adjusted for age/sex/race and number of coexisting chronic conditions and are not calculable from raw counts of numbers of deaths and numbers with each condition. CAD indicates coronary artery disease; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular disease.
